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(57) To provide a transponder for tire, in which the 
physical quantity in an atmosphere within a tire air 
chamber can be accurately detected by a sensor and 
which can be vulcanized in a state in which it is embed- 
ded in the tire, a tire with the transponder, and a manu- 
facturing method of the tire. According to the present 
invention, a transponder obtained by hermetically seal- 
ing, by a housing, a circuit substrate with the sensor and 
other electronic components packaged is embedded 
between an inner liner (415) and a carcass ply (411). A 
green tire thus embedded is vulcanized, and after the 



vulcanization, the tip end portion of a protruded portion 
of the housing is removed together with part of the tire 
inner wall surface, and an aperture is formed at a tip end 
of the protruded portion to communicate an interior of 
the tire air chamber with the sensor within the housing. 
Since a circuit substrate is hermetically sealed and 
housed within the housing, there is no possibility that 
pressure during vulcanization is applied to the sensor 
Thereby, the sensor and the electronic components are 
protected against deterioration and destruction due to 
the pressure during vulcanization. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The present Invention relates to a transponder 
for tire, a tire with a transponder and a mounting method 
of the tire with transponder, and more particularly to em- 
bedding, into the tire, of the transponder equipped with 
a sensor for detecting physical quantity in the atmos- 
phere within the tire air chamber. 

DESCRIPTION OF THE RELATED ART 

[0002] Conventionally, when identification informa- 
tion concerning the tire and other additional information 
are acquired or information on pneumatic pressure, 
temperature or the like in the atmosphere within the tire 
air chamber is acquired, there is known a method of fit- 
ting a transponder within the tire to acquire the informa- 
tion without making contact with the tire. Also, the trans- 
ponder is composed of an integrated circuit and a hous- 
ing for protecting the integrated circuit, and has various 
shapes such as a small coin shape or a cylindrical col- 
umn shape. 

[0003] An example of technique of this sort is dis- 
closed in Japanese Patent Laid-Open No. 5-169931 
specification (first conventional example). According to 
this technique, an entire housing for the transponder is 
completely embedded within the tire such that a coil an- 
tenna of the transponder having a pressure sensor can 
be combined with bead wire of the tire. Further, the bead 
wire is used as the primary winding and the coil antenna 
is used as the secondary winding. Thereby, the pneu- 
matic pressure within the tire air chamber is detected 
through the inner wall of the tire, and this detection result 
is transmitted by wireless. 

[0004] Also, as another example, a tire with trans- 
ponder has been disclosed in Japanese Patent Laid- 
Open No. 11-278021 specification (second convention- 
al example). This tire is provided with fitting structure for 
fitting the transponder to the inner liner, and after tire 
vulcanization, the transponder is fitted to the fitting 
structure. 

[0005] However, the above described tire with trans- 
ponder according to the conventional example had the 
following problems. That is, in the first conventional ex- 
ample, since the pneumatic pressure within the tire air 
chamber has been detected through the inner wall of 
the tire, it was necessary to adjust the pressure sensor 
after the transponder is fitted to the tire. Further, on the 
inner wall of the tire, pressure or the like which occur by 
deformation of the inner wall during traveling are also 
added in addition to the pneumatic pressure within the 
tire air chamber, and the pressure within the tire air 
chamber is diffused in the inner wall. Therefore, it was 
difficult to detect accurate pneumatic pressure within the 
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air chamber. 

[0006] Also, in the second conventional example, 
since the transponder is fitted to the fitting structure pro- 
vided for the inner liner, communication with the interior 

s of the tire air chamber can be secured even if the trans- 
ponder is provided with a sensor. In the case, however, 
where the transponder is caused to store tire identifica- 
tion information or other additional information concern- 
ing the tire and is made possible to read out, the relia- 

10 bility of the information stored in the transponder is ex- 
ceedingly low because the transponder can be easily 
replaced. In other words, it is possible to easily replace 
with a transponder fitted to another tire, and this is un- 
suitable structure when information on individual tires is 

15 caused to be stored. 

[0007] Also, there has also been known a transponder 
constructed such that a communicating tube extending 
from within the tire air chamber to the outside of the air 
chamber is provided to couple to the sensor, but since 

20 the communicating tube having high strength is re- 
quired, there was a problem that the weight is increased. 

SUMMARY OF THE INVENTION 

25 [0008] The present invention has been achieved in 
views of the above described problems, and is aimed to 
provide a transponder for tire, in which the physical 
quantity in the atmosphere within the tire air chamber 
can be accurately detected by a sensor and which can 

30 be vulcanized in a state in which it is embedded within 
the tire, a tire with the transponder, and a manufacturing 
method of the tire. 

[0009] According to a manufacturing method of a tire 
with transponder of the present invention, in order to at- 

35 tain the above described object, there is used a trans- 
ponder obtained by hermetically sealing and housing a 
sensor and wireless communication means which con- 
stitute an electrical circuit for the transponder, in the 
space within the housing. This transponder is embed- 

40 ded in the inner wall of a green tire before vulcanization 
and the green tire is vulcanized. Further,. after the vul- 
canization, a portion of the transponder housing is re- 
moved together with a portion of the inner wall surface 
of the tire to thereby cause the interior of the tire air 

45 chamber and space within the transponder housing to 
communicate with each other. 

[0010] According to the manufacturing method of a 
tire with transponder of the present invention, when the 
green tire with the transponder embedded therein is vul- 

50 canized, heat during the vulcanization is applied to the 
sensor and the wireless communication means through 
the housing, but the pressure during the vulcanization 
is interrupted by the housing because the sensor and 
the wireless communication means are hermetically 

55 sealed and housed within the housing. For this reason, 
there is no possibility that the pressure during the vul- 
canization is applied to the sensor and the wireless com- 
munication means. Thus, the sensor and the wireless 
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communication means are protected against deteriora- 
tion and destruction due to the pressure during the vul- 
canization. 

[0011] After the green tire is vulcanized, a portion of 
the transponder housing is removed together with a por- 5 
tion of the inner wall surface of the tire to thereby cause 
the interior of the tire air chamber and space within the 
transponder housing to communicate with each other. 
Thus, since the atmosphere within the tire air chamber 
enters space within the transponder housing, the sensor 
within the housing is capable of sensing physical quan- 
tity in this atmosphere. 

[0012] Also, in a process for embedding the trans- 
ponder, the transponder housing is embedded between 
the tire inner liner and the carcass ply, whereby the in- 
terior of the tire air chamber and space within the trans- 
ponder housing will be communicated with each other 
if a portion of the transponder housing is removed to- 
gether with a portion of the tire inner liner. At this time, 
a member having light permeability is used as the tire 
inner liner and the transponder is embedded between 
the tire inner liner and the carcass ply, whereby the em- 
bedded position of the transponder can be easily spec- 
ified after the vulcanization. Thus, the operation for com- 
municating the space within the transponder housing 
with the interior of the tire air chamber can be easily per- 
formed. 

[0013] In the process for embedding the transponder, 
a seat member can be stuck on the tire inner liner so as 
to cover the transponder housing with the seat member 
for embedding the transponder on the inner wall of the 
green tire. Also at this time, a seat member having light 
permeability is similarly used, whereby the embedded 
position of the transponder can be easily specified after 
the vulcanization. Also, by using a seat member having 
color different from that of the tire inner liner, the embed- 
ded position of the transponder can be easily specified 
after the vulcanization. 

[001 4] In the process for embedding the transponder, 
the transponder is embedded such that a portion target- 
ed for removal of the transponoder housing is located 
inside the tire air chamber, whereby an operation for 
communicating the space within the transponder hous- 
ing with the interior of the tire air chamber can be further 
easily performed. 

[0015] Also, in the present invention, a transponder 
for tire suitable for the above described manufacturing 
method of the present invention has been constructed. 
The transponder for tire according to the present inven- 
tion has a housing for hermetically sealing and housing 
the sensor and the wireless communication means. Fur- 
ther, the transponder housing has a portion targeted for 
removal at a predetermined position, and has space for 
communicating with, a physical quantity sensing unit of 
the sensor inside the portion targeted for removal. 
[0016] In the transponder for tire according to the 
present invention, since the sensor and the wireless 
communication means are hermetically sealed and 



housed within the housing, heat during the vulcanization 
is applied to the sensor and the wireless communication 
means through the housing, but the pressure during the 
vulcanization is interrupted by the housing. For this rea- 
son, there is no possibility that the pressure during the 
vulcanization is applied to the sensor and the wireless 
communication means. Thus, the sensor and the wire- 
less, communication means are protected against dete- 
rioration and destruction due to the pressure during the 
vulcanization. Also, after the termination of the vulcani- 
zation, the portion targeted for removal of the housing 
is removed from the tire inner wall side together with the 
tire inner wall by means of machining, cutting or the like, 
whereby the space within the housing for communicat- 
ing with the physical quantity sensing unit of the sensor 
communicates with the interior of the tire air chamber. 
Thus, the atmosphere within the tire air chamber enters 
space within the housing, and physical quantity in this 
atmosphere the sensor is sensed by the physical quan- 
tity sensing unit of the sensor. For example, a pneumatic 
sensor is proved as a sensor, whereby the pneumatic 
pressure within the tire air chamber is sensed and this 
pneumatic pressure information can be transmitted to 
the main device by wireless communication using an 
electromagnetic wave or the like. 
[001 7] In the present invention, a semiconductor pie- 
zo-resistance type diaphragm is used as a pneumatic 
sensor, whereby a high degree of reliability has been 
obtained. More specifically, since such a semiconductor 
pressure sensor has small mechanical movement of the 
pressure sensing unit, it is difficult to be affected by a 
centrifugal force that occurs during rotation of the tire, 
and accurate pneumatic pressure can be detected. Fur- 
ther, for the semiconductor diaphragm, a capacity type 
and a film type are generally known in addition to the 
piezo-resistance type, but the capacity type diaphragm 
is prone to be affected by electromagnetic wave noise, 
and the film type diaphragm is hardly reliable because 
complicated in structure. The semiconductor piezo-re- 
sistance type diaphragm is more highly reliable than 
these capacity type and film type. 
[0018] In the present invention, thetransponder hous- 
ing has been shaped to have a protruded portion for pro- 
truding from the main body of the housing. Further, in 
this housing, the space within the housing is continu- 
ously formed with in the protruded portion. If the protrud- 
ed portion of the housing is embedded in the inner wall 
of the tire so as to be able to be identified or easily re- 
moved, the whole protruded portion or a portion thereof 
is removed together with a portion of the inner wall from 
the inner wall side of the tire, whereby the space within 
the housing can be easily communicated with the inte- 
rior of the tire air chamber. 

[0019] Also, in the transponder according to the 
present invention, the wireless communication means 
is isolated from space within the housing which is com- 
municated with the interior of the tire air chamber so as 
to prevent the atmosphere within the tire air chamber 
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from being directly applied to the wireless communica- 
tion means, whereby the wireless communication 
means has been prevented from being deteriorated. 
Further, in the present invention, the transponder hous- 
ing is made of bisphenol A epoxy resin, whereby 
strength withstanding the vulcanization has been given. 
Also, since an electromagnetic wave permeates the bi- 
sphenol A epoxy resin, the electromagnetic wave can 
be restrained from attenuation even if the transponder 
is equipped with wireless communication means which 
communicates through the electromagnetic wave. 
[0020] Also, the transponder for tire according to the 
present invention has storage means in which identifi- 
cation information peculiar to individual transponders 
has been stored, and transmits an answering signal in- 
cluding identification information. Forthis reason, the in- 
dividual transponders can be identified through the use 
of the identification information. Further, in the present 
invention, there has been constructed a transponderfor 
tire in which the additional information is caused to be 
stored in the storage means in advance in addition to 
the identification information and which transmits an an- 
swering signal including the identification information 
and additional information. Forthis reason, as the addi- 
tional information, information concerning the trans- 
ponder and information concerning a tire to which the 
transponder has been fitted are caused to be stored in 
the storage means in advance, whereby this additional 
information can be held by the tire itself. Further, accord- 
ing to the present invention, the structure has been ar- 
ranged such that the additional information can be re- 
newed from the main device by wireless. 
[0021] As regards a tire with transponder according 
to the present invention which has been manufactured 
in accordance with the manufacturing method of the 
present invention through the use of the above de- 
scribed transponder for tire of the present invention, 
since the transponder housing is embedded in a green 
tire before vulcanization, it becomes impossible to take 
the transponder out of the completed tire after the vul- 
canization leaving no traces. In other words, in order to 
replace the transponder, the transponder housing must 
be dug out of the tire inner wall. For this reason, when 
the transporter embedded in the tire inner wall is re- 
placed, the traces of this replacement operation can be 
easily recognized by visual inspection and the traces of 
the replacement remain clearly. This enables the relia- 
bility of information such as history of the tire stored in 
the transponder to be increased. Further, the interior of 
the tire air chamber and the physical quantity sensing 
unit of the sensor communicate with each other through 
the aperture of the transponder housing, and therefore, 
the sensor is capable of directly sensing the physical 
quantity in the atmosphere within the tire air chamber, 
and detecting accurate physical quantity. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] 

5 FIG. 1 is an external view showing a transponder 
according to a first embodiment of the present in- 
vention; 

FIG. 2 is a side sectional view showing the trans- 
ponder according to the first embodiment of the 

10 present invention; 

FIG. 3 is a perspective view showing one surface 
of a circuit substrate of the transponder according 
to the first embodiment of the present invention; 
FIG. 4 is a perspective view showing the other sur- 

15 face of the circuit substrate of the transponder ac- 
cording to the first embodiment of the present in- 
vention; 

FIG. 5 is a block diagram showing a detailed con- 
figuration of the transponder according to the first 

20 embodiment of the present invention; 

FIG. 6 is an exploded perspective view showing an 
essential portion of a tire with transponder accord- 
ing to the first embodiment of the present invention; 
FIG. 7 is a sectional view showing an essential por- 

25 tion of the tire with transponder according to the first 
embodiment of the present invention; 
FIG. 8 is an enlarged sectional view showing an es- 
sential portion of the tire with transponder according 
to the first embodiment of the present invention; 

30 FIG. 9 is a view for explaining a method of manu- 
facturing the tire with transponder according to the 
first embodiment of the present invention; 
FIG. 10 is an exploded perspective view showing 
an essential portion of a tire with transponder ac- 

35 cording to a second embodiment of the present in- 
vention; 

FIG. 1 1 is a sectional view showing an essential por- 
tion of the tire with transponder according to the 
second embodiment of the present invention; 
40 FIG. 12 is an enlarged sectional view showing an 
essential portion of the tire with transponder accord- 
ing to the second embodiment of the present inven- 
tion; and 

FIG. 1 3 is a view for explaining a method of manu- 
45 facturing a tire with a transponder according to the 
second embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

50 

[0023] Hereinafter, with reference to the drawings, the 
description will be made of an embodiment according to 
the present invention. 

[0024] FIG. 1 is an external perspective view showing 
55 a transponder for a tire according to a first embodiment 
of the present invention, FIG. 2 is its side sectional view, 
FIG. 3 is a perspective view showing one surface of its 
circuit substrate, and FIG. 4 is a perspective view show- 
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ing the other surface of the circuit substrate. In these 
views, reference numeral 1 00 denotes a transponderfor 
a tire (hereinafter, simply referred to as transponder). 
The transponder 100 has a substantially disk-shaped 
housing 200, and within the housing 200, there is ar- 
ranged a disk-shaped multi-layer printed circuit sub- 
strate (hereinafter, simply referred to as circuit sub- 
strate) 301 packaged with components. Also, at a sub- 
stantially central portion of one circular surface of the 
housing 200, there is formed a cylindrical column- 
shaped protruded portion 201, and predetermined 
space 202 is formed from the interior of the protruded 
portion 201 over the interior of the housing 200. This 
housing 200 is made of, for example, bisphenol A-type 
epoxy resin. In this respect, the protruded portion 201 
is formed with no aperture. Also, the material for the 
housing 200 is not limited to the'bisphenol A-type epoxy 
resin, but may be of other kinds so long as they are not 
deformed by means of heat when a green tire is vulcan- 
ized that will be described later. In the present embodi- 
ment, however, the material must be material for allow- 
ing the electromagnetic wave to pass through. 
[0025] The circuit substrate 301 has a circular loop- 
shaped data transmission-reception antenna 302 and a 
charging antenna 303 which have been embedded in 
the inner layer thereof. Further, on the surface 301a of 
the circuit substrate 301 , a capacitor 304, a plurality of 
chip-shaped electronic components 305 and an IC chip 
306 are packaged. Also, on the back surface 301b of 
the circuit substrate 301, a cylindrical column chip- 
shaped pneumatic pressure sensor 307 is packaged. A 
sensing unit 307a of the pneumatic pressure sensor 307 
is fitted in an entrance of the space 202 within the pro- 
truded portion 201 . 

[0026] Also, the circuit substrate 301 packaged with 
components is, with the exception of the packaged por- 
tion of the pneumatic pressure sensor 307, sealed with 
resin 203 in a state in which the back surface 301b is 
brought into tight contact with the inner wall surface of 
the housing 200. This causes the circuit substrate 301 
packaged with components to be hermetically sealed by 
the housing 200 and the resin 203. A transmission-re- 
ception unit (wireless communication means) to be de- 
scribed later, of the transponder 1 00 is isolated from the 
space 202. Thus, when the housing 200 is formed with 
an aperture 201 a, there is no possibility that the atmos- 
phere within the tire air chamber is directly applied to 
any other electronic components than the pneumatic 
pressure sensor 307. In this respect, in place of the resin 
203, material of another kind may be used so long as it 
is not deformed by means of heat during the vulcaniza- 
tion of green tire as in the case of the material of the 
housing 200. 

[0027] In this case, in the present embodiment, a 
semiconductor piezo-resistance type diaphragm is used 
as the pneumatic pressure sensor 307. Since the sem- 
iconductor pressure sensor has small mechanical 
movement of the pressure sensing unit, it is difficult to 
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be affected by a centrifugal force that occurs during ro- 
tation of the tire, and accurate pneumatic pressure can 
be detected. Also, for semiconductor diaphragm of this 
type, a capacity type and a film type are generally known 

5 in addition to the piezo-resistance type, but the capacity 
type diaphragm is prone to be affected by electromag- 
netic wave noise, and a film type diaphragm is hardly 
reliable. The semiconductor piezo-resistance type dia- 
phragm is more highly reliable than these. 

10 [0028] Also, even in a semiconductor piezo-resist- 
ance type diaphragm which is currently on the market, 
the operation thereof is sufficiently insured even if the 
temperature (for example, temperature of 150 degrees) 
during the vulcanization of the tire is applied for 45 min- 

15 utes. In the case, however, where the semiconductor pi- 
ezo-resistance type diaphragm which is currently on the 
market is of a diffused resistor type, when high pressure 
is applied at high temperature, creeping occurs on the 
diaphragm portion. For this reason, a sensor output val- 

20 ue that has been proofread in the transponder manufac- 
turing process in advance may be greatly changed. 
Therefore, during the vulcanization of the tire, high pres- 
sure cannot be directly applied to the semiconductor pi- 
ezo-resistance type diaphragm. For this reason, in the 

25 present embodiment, the circuit substrate 301 pack- 
aged with components is hermetically sealed by the 
housing 200, whereby the pneumatic pressure sensor 
307 is protected against high pressure during the vul- 
canization of the tire. 

30 [0029] The block diagram of FIG. 5 shows a configu- 
ration of an electronic circuit for a transponder formed 
on the circuit substrate 301 . In FIG. 5, reference numeral 
110 denotes a data transmission-reception unit; 130, a 
sensor circuit; and 150, a sensor power circuit. 

35 [0030] The data transmission-reception unit 110 is 
composed of: an antenna changer 111 , a power circuit 
112, an analog/digital (hereinafter, referred to as A/D) 
conversion circuit 113, a storage unit 114, a central 
processing unit 115 and an outgoing unit 116. 

40 [0031] The antenna changer 111 is composed of, for 
example, an electronic switch or the like. The antenna 
changer 111 switches the data transmission-reception 
antenna 302 to either the power circuit 1 1 2 and the A/D 
conversion circuit 1 1 3 orthe outgoing unit 1 1 6 in accord- 

45 ance with a control signal from the CPU115a for con- 
nection.. Usually, the antenna 302 is connected to the 
power circuit 112 side. 

[0032] The power circuit 1 1 2 forms a well-known full- 
wave rectifying circuit. On the input side of this power 

50 circuit 112, the antenna 302 is connected through the 
antenna changer 111. The power circuit 112 rectifies 
high-frequency current induced in the antenna 302 to 
convert into DC current, and outputs this as a driving 
power source for other circuits such as the central 

55 processing unit 1 1 5, the storage unit 1 1 4 and the outgo- 
ing unit 116. 

[0033] The A/D conversion circuit 1 1 3 detects a ques- 
tion signal received, and converts the signal detected 
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into digital data to output to the CPU 11 5a. 
[0034] The storage unit 1 1 4 includes an electrically re- 
writable non-volatile semiconductor memory such as, 
for example, EEPROM (Electrically Erasable Program- 
mable Read-Only Memory), ROM and RAM in which a 5 
program of the CPU115a has been stored, or the like. 
In the EEPROM of the storage unit 114, identification 
information peculiar to individual transponders 100, ad- 
ditional information or the like have been stored in ad- 
vance. The additional information is history information 10 
concerning the tire, for example, information such as the 
date of manufacture, the place of manufacture and the 
manufacture serial lot number. In this respect, the above 
described identification information is stored in a area 
within the EEPROM which has been designated as a '5 
n on -rewritable area during the manufacture of the trans- 
ponder 100. The identification information may be also 
stored in the ROM. 

[0035] The central processing unit 115 is composed 
of the well-known . CPU 1 1 5a and the D/A conversion cir- 20 
cuit 11 5b. When power is provided, the CPU11 5a is driv- 
en and inputs a question signal from the A/D conversion 
circuit 113, the CPU115a drives the sensor circuit 130 
to take in detection result on the pneumatic pressure. 
Further, the CPU115a generates answering information 25 
including this detection result on the pneumatic pres- 
sure and identification information peculiar to itself, and 
transmits this information as an answering signal 
through the D/A conversion circuit 115b and the outgo- 
ing unit 116. Also, when the detection result cannot be 30 
taken in because of the failure of the sensor circuit 1 30 
to operate, the CPU1 1 5a regards the electric power ac- 
cumulated in the sensor power circuit 150 as exhausted 
to transmit an answering signal including a request for 
charging. Further, when it is requested by the question 35 
signal to read out the additional information, the 
CPU115a includes the additional information stored in 
the storage unit 114 into the answering signal for trans- 
mitting. Also, when a renewal instruction for the addi- 
tional information is included in the above described 40 
question signal, the CPU1 1 5a renews the additional in- 
formation stored in the storage unit 114. 
[0036] The outgoing unit 1 1 6 is composed of: a mod- 
ulation circuit 116a; an oscillation circuit 116b; and a 
high-frequency amplifier circuit 1 1 6c. The outgoing unit 
116 modulates a carrier wave obtained by oscillating 
through the use of the oscillation circuit 1 1 6b on the ba- 
sis of the information signal inputted from the central 
processing unit 1 1 5 by the modulation circuit 1 1 6a, and 
supplies this modulated signal to the antenna 302 so 
through the high-frequency amplifier circuit 1 1 6c and the 
antenna changer 1 1 1 . In the present embodiment, as the 
frequency of a high-frequency signal to be outputted 
from the outgoing unit 1 1 6, a frequency of 1 3.56 MHz is 
used so as to obtain, for example, necessary and suffi- 55 
cient data transfer speed. For this reason, the data 
transmission-reception antenna 302 has been set so as 
to produce resonance at a frequency of 13.56 MHz. In 
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order to obtain necessary and sufficient data transfer 
speed, it is preferable to set a frequency of electromag- 
netic wave for data transmission and reception to a fre- 
quency above the short wave region. 
[0037] The sensor circuit 1 30 is composed of: a stor- 
age unit 131 ; a CPU 132; an A/D conversion circuit 133; 
a power control unit 134; and a pneumatic sensor 307. 
[0038] Communication is performed between the 
CPU132 and the CPU115a of the transmission -recep- 
tion unit 1 1 0, and on receipt of a request for temperature 
and pressure information from the CPU 11 5a, the 
CPU 132 acquires the pneumatic information that the 
pneumatic sensor 307 has obtained by detecting 
through the A/D conversion circuit 1 33 to transmit to the 
CPU115a. 

[0039] A power control unit 134 is composed of an 
electronic switch, a booster type power circuit or the like, 
turns ON or OFF the electronic switch on the basis of a 
control signal from the CPU115a of the data transmis- 
sion-reception unit 110, converts electric power to be 
outputted from the sensor power circuit 1 50 into voltage 
required to operate the circuit, and supplies to the stor- 
age unit 131, the CPU132, the A/D conversion circuit 
133, and the pneumatic pressure sensor 307. 
[0040] The sensor power circuit 150 is composed of 
a rectifier circuit 1 51 and a capacitor 304. The input side 
of the rectifier circuit 1 51 is connected to a charging an- 
tenna 303. Also, the output side of the rectifier circuit 
151 is connected to the capacitor 304 and the power 
control unit 134. The capacitor 304 is composed of, for 
example, a large scale capacitor or a secondary battery. 
[0041] The capacitor 304 has capacity sufficient to 
drive the sensor circuit 130 five times a day. For exam- 
ple, in the case of driving the pneumatic pressure sensor 
307, the power consumption of which is 6 mA and the 
power supply voltage of which is 3V, assuming that the 
pneumatic pressure is detected five times (before the 
commencement of work, morning recess, lunch break, 
afternoon recess and closing time) during daily operat- 
ing time, a commercial secondary battery having a rat- 
ing of 3.3V and capacity of about 0.1 mAh can be suffi- 
ciently used if it is charged. More specifically, assuming 
sensor driving time in one operation to be 1 second, the 
electric energy necessary for a daily operation amounts 
to 6 mA x 3V x 5 seconds/3600 = 0.025 mWh. Assum- 
ing the transmission efficiency from the sensor power 
source 150 to the sensor circuit 130 (due to the pump- 
up, leakage current or the like) to be 30%, 0.025/0.3 = 
0.083 mWh is given. Therefore, the commercial second- 
ary battery having a rating of 3.3V and capacity of about 
0.1 mAh can be sufficiently used if it is charged. In the 
case where this secondary battery is charged for, for ex- 
ample, six hours of the non-operating time, assuming 
the output voltage of the rectifier circuit 151 to be 3.3V 
and the charging efficiency of the charging current to be 
65%, 0.083/3.3/6/0.65 = 0.0064 mA is given. According- 
ly, charging can be performed with the current that will 
not adversely affect the secondary battery. 



6 



11 



EP 1 223 056 A2 



[0042] Also, the charging antenna 303 has been set 
so as to produce resonance at a frequency of 125 kHz, 
and the energy transmission efficiency has been im- 
proved through the use of a comparatively low frequen- 
cy. 

[0043] Therefore, the electromagnetic wave of fre- 
quency of 1 25 kHz is radiated to the transponder 1 00 
from the outside, whereby the capacitor 304 can be eas- 
ily charged. Also, when a secondary battery is used as 
the storage battery 304, the transponder 1 00 can also 
be embedded in the tire because it is not necessary to 
replace the battery. 

[0044] In this respect, for higher harmonic of the fre- 
quency of charging electromagnetic wave, a frequency 
that does not coincide with the frequency to be used for 
the data communication described above is preferably 
used. In other words, when the frequency for data com- 
munication coincides with the higher harmonic of charg- 
ing frequency, the data communication may be dis- 
turbed. Therefore, if relationship between the frequency 
for data communication and the charging frequency is 
set such that the frequency for data communication 
does not coincide with the higher harmonic of charging 
frequency, the data communication will be able to be fa- 
vorably performed even when the charging electromag- 
netic wave is being radiated. 

[0045] Further, by charging through the use of an 
electromagnetic wave of low frequency, it is possible to 
improve the energy transmission efficiency and to short- 
en time required to transmit the energy. Therefore, for 
the frequency of electromagnetic wave to be used for 
charging, a frequency below the medium wave region 
is preferable, and further when energy transmission by 
electromagnetic coupling is taken into consideration, it 
is preferable to use a frequency below 200 kHz. 
[0046] The above described transponder 100 is, like 
the tire with transponder (hereinafter, simply referred to 
as tire) 400 shown in FIGS. 6 and 7, embedded in the 
tire inner side wall in such a manner that the surface of 
the circuit substrate 301 becomes substantially perpen- 
dicular. The tire 400 used in the present embodiment is 
a well-known tubeless radial tire, and in the drawings, 
reference numeral 411 denotes a carcass ply; 41 2A, 
41 2B, a belt; 41 3, an under tread; 41 4, a cap tread; 41 5, 
an inner liner; 41 6, a side wall; and 41 7, bead wire. 
[0047] In the present embodiment, between the inner 
liner 415 which is the innermost inner wall layer of the 
tire 400 and the carcass ply 411 which is the second 
inner wall layerfromthe inside, the transponder 100 has 
been embedded. At this time, as shown in FIG. 8, an 
aperture is formed in the inner liner 415, and from this 
aperture, an aperture 201a which has been formed at 
the tip end of an protruded portion 201 provided on the 
housing 200 of the transponder 1 00 is exposed. There- 
by, when the tire 400 is actually mounted to a vehicle for 
use, the interior of the tire air chamber and space 202 
within the housing 200 communicate with each other 
through the aperture 201 a, and the pneumatic pressure 



sensor 307 is capable of directly sensing pneumatic 
pressure within the tire air chamber, and detecting ac- 
curate pneumatic pressure. 

[0048] The aperture 201a of the housing 200 is 

5 formed by removing the tip end portion of the protruded 
portion 201 together with the inner liner 415 of the tire 
400, the vulcanization of which has been completed. 
More specifically, as shown in FIG. 9, in a process (FIG. 
9A) for manufacturing a green tire in the manufacturing 

w process of the tire 400, at a position between the inner 
liner 415 and the carcass ply 411 which has been set in 
advance, a transponder 100 with no aperture 201a 
formed thereon is sandwiched, and members in each 
layer are stuck together to thereby manufacture the 

15 green tire. In this respect, the embedded position of the 
transponder 100 is determined in advance, whereby an 
operation for forming the aperture to be described later 
will be able to be easily performed. 
[0049] Thereafter, the green tire completed will be vul- 

20 canized (FIG. 9B). During the vulcanization, for exam- 
ple, pressure of 22 kg/cm 2 and heat of 150 degrees are 
applied to the green tire for about 45 minutes. After the 
termination of vulcanization, the inner liner 41 5 in an ar- 
ea where the transponder 100 has been embedded is 

25 gradually scraped off from the surface for removal (buff- 
ing). At this time, the tip end portion of the protruded 
portion 201 provided in the housing 200 of the trans- 
ponder 1 00 is also scraped off to form the aperture 201 a 
at the tip end of the protruded portion 201 , and this ap- 

30 erture 201 a is exposed within the tire air chamber (FIG. 
9C). 

[0050] In this respect, so as to be able to easily find 
out the embedded position of the transponder 100, a 
mark indicating the embedded position of the trans- 

35 ponder 1 00 may be placed on the inner liner 41 5. Also, 
if it is an inner liner 415 having light permeability, the 
transponder 100 can be recognized by seeing the inner 
liner 415 through. As the material having light permea- 
bility suitable for the inner liner 415, for example, ther- 

40 moplastic elastomer is known, and this can be used. 
[0051] In the tire 400 thus completed, the transponder 
1 00 is firmly, fixed with stability because the transponder 
1 00 has been embedded in the green tire before the vul- 
canization. Further, since when the transponder 100 is 

45 taken out of the tire 400 completed, there remain signs 
of having been taken out, it can be easily confirmed only 
by visual inspection that the transponder 1 00 has been 
replaced. Thus, the reliability of the information such as 
history of the tire stored in the storage unit 114 of the 

so transponder 100 can be increased. Further, since the 
interior of the tire air chamber and the sensing unit 307a 
of the pneumatic pressure sensor 307 communicate 
with each other through the aperture 201a and the 
space 202, the pneumatic pressure sensor 307 is capa- 

55 ble of directly sensing the pneumatic pressure within the 
tire air chamber, and detecting accurate pneumatic 
pressure. 

[0052] Next, the description will be made of a second 
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embodiment according to the present invention. 
[0053] FIG. 1 0 is a partially exploded perspective view 
showing an essential portion of a tire with transponder 
(hereinafter, simply referred to as tire) 400 B according 
to the second embodiment, FIG. 11 is its essential sec- 
tional view, FIG. 12 is its essential enlarged sectional 
view, and FIG. 13 is a view for explaining a method of 
manufacturing the tire. In the drawings, components 
identical to those in the above described first embodi- 
ment are designated by the identical reference numer- 
als and description thereof will be omitted. 
[0054] In the second embodiment, the transponder 
1 00 is mounted onto the surface inside the tire air cham- 
ber of the inner liner 415 of the tire 400B, and the top 
portion thereof is covered with a seat member 41 8. The 
seat member 418 is formed with an aperture, and from 
this aperture, an aperture 201 a formed at the tip end of 
a protruded portion 201 provided on the housing 200 of 
the transponder 100 is exposed in the same manner as 
the first embodiment. Thereby, when the tire 400B is ac- 
tually mounted to a vehicle for use, the interior of the tire 
air chamber and space 202 within the housing 200 com- 
municate with each other through the aperture 201a, 
and the pneumatic pressure sensor 307 is capable of 
directly sensing the pneumatic pressure within the tire 
air chamber, and detecting accurate pneumatic pres- 
sure. 

[0055] In the manufacture of the tire 400B, when the 
green tire is formed, a transponder 1 00 with no aperture 
201a formed thereon is stuck onto an inner liner 415 
through the use-of a seat member 41 8, and in this state, 
the green tire mounted with the transponder 1 00 is vul- 
canized. Further, the tip end portion of the protruded por- 
tion 201 is removed together with the seat member 41 8 
of the tire 400B, the vulcanization of which has been 
completed, whereby the aperture 201a of the housing 
200 is formed. 

[0056] That is, as shown in FIG. 1 3, in a process (FIG. 
13A) for manufacturing a green tire in the manufacturing 
process of the tire 400B, at a preset position of the inner 
liner 41 5, a transponder 1 00 is sandwiched between the 
inner liner 41 5 and the seat member 41 8 so as to cover 
the transponder 100 with the seat member 418, and 
members in each layer are stuck together In this case, 
in the same manner as the first embodiment, the hous- 
ing 200 is arranged in such a manner that the protruded 
portion 201 is positioned inside the tire air chamber. Al- 
so, the embedded position of the transponder 1 00 is de- 
termined in advance, whereby an operation for forming 
the aperture 201a will be able to be easily performed. 
Thereafter, the green tire completed will be vulcanized 
(FIG. 1 3B) . Thereby, the seat member 41 8 and the inner 
liner 415 are substantially integrated. After the termina- 
tion of vulcanization, the seat member 41 8 which covers 
the transponder 100 is gradually scraped off from the 
surface for removal (buffing). At this time, the tip end 
portion of the protruded portion 201 provided in the 
housing 200 of the transponder 100 is also scraped off 



together to form the aperture 201 a at the tip end of the 
protruded portion 201, and this aperture 201a is ex- 
posed within the tire air chamber (FIG. 13C). 
[0057] In this respect, so as to be able to easily find 

5 out the embedded position of the transponder 100, a 
mark indicating the embedded position of the trans- 
ponder 1 00 may be placed on the seat member 41 8, or 
a seat member 418 having color different from that of 
the inner liner 41 5 may be used. Also, if a seat member 

10 418 having light permeability is used, the transponder 
1 00 can be recognized by seeing the seat member 418 
through. As the material forthe seat member41 8 having 
light permeability, for example, thermoplastic elastomer 
is known in the same manner as described above, and 

15 this can be used. 

[0058] In the tire 400B thus completed, when the 
transponder 100 is taken out of the tire 400B after the 
vulcanization, there remain signs of having been taken 
out because the transponder 100 has been embedded 

20 jn the green tire before the vulcanization. For this rea- 
son, it can be easily confirmed only by visual inspection 
that the transponder 100 has been replaced. Thus, the 
reliability of the information such as history of the tire 
stored in the storage unit 114 of the transponder 100 

25 can be increased. Further, since the interior of the tire 
air chamber and the sensing unit 307a of the pneumatic 
pressure sensor 307 communicate with each other 
through the aperture 201 a and the space 202, the pneu- 
matic pressure sensor 307 is capable of directly sensing 

30 the pneumatic pressure within the tire air chamber, and 
detecting accurate pneumatic pressure. 
[0059] As described in the foregoing, in the trans- 
ponder for tire according to the present invention, since 
the sensor and the transmission-reception unit 110 

35 (wireless communication means) are hermetically 
sealed and housed within the housing 200, the pressure 
during the vulcanization is interrupted by the housing 
200 even if vulcanized in a state in which the transpond- 
er has been embedded in the green tire. Forthis reason, 

40 there is no possibility that the pressure during the vul- 
canization is applied to the sensor and the wireless com- 
munication means. Thus, the sensor and the wireless 
communication means are protected against deteriora- 
tion and destruction due to the pressure during the vul- 

^5 canization. Also, after the termination of vulcanization, 
a portion targeted for removal is removed from the inner 
wall side of the tire together with the tire inner wall by 
machining, cutting or the like, whereby a physical quan- 
tity sensing unit of the sensor and the interior of the tire 

50 air chamber can communicate with each other, and 
therefore, the physical quantity in the atmosphere within 
the tire air chamber can be accurately sensed by the 
physical quantity sensing unit of the sensor. 
[0060] Also, in the tire with transponder according to 

55 the present invention, since the housing fortransponder 
is embedded in the tire inner wall, when the transponder 
is taken out of the tire, there remain signs of having been 
taken out. For this reason, it can be easily confirmed 
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only by visual inspection that the transponder has been 
replaced. Thus, when the information such as history of 
the tire has been stored in the transponder, the reliability 
thereof can be increased. Further, since the interior of 
the tire air chamber and the physical quantity sensing 
unit of the sensor communicate with each other through 
the aperture 201 a of the housing 200, the sensor is ca- 
pable of directly sensing the physical quantity in the at- 
mosphere within the tire air chamber, and detecting ac- 
curate physical quantity. 

[0061 ] Also, since the transponder housing has been 
embedded in a green tire before vulcanization in accord- 
ance with the manufacturing method for the tire with 
transponder according to the present invention, it be- 
comes impossible to take the transponder out of the 
completed tire after the vulcanization leaving no traces. 
[0062] In this respect, each embodiment described 
above is an embodiment according to the present inven- 
tion, and the present invention is not limited only thereto. 
For example, in the above described embodiment, the 
housing 200 for the transponder 1 00 has been provided 
with the protruded portion 201 and the tip end portion of 
the protruded portion 201 has been regarded as the por- 
tion targeted for removal, but with any other portion of 
the housing than the protruded portion as a portion tar- 
geted for removal, the sensing unit 307a of the pneu- 
matic pressure sensor 307 and the interior of the tire air 
chamber may be caused to communicate with each oth- 
er. 

[0063] Also, in the above described embodiments, as 
a sensor for detecting physical quantity in the atmos- 
phere within the tire air chamber, there has been pro- 
vided only the pneumatic pressure sensor 307, but a 
sensor for detecting other physical quantity, for exam- 
ple, physical quantity such as temperature and humidity 
may be provided, and plural types of sensors may be 
provided. 

[0064] Also, in the above described embodiments, as 
the pneumatic pressure sensor 307, the semiconductor 
piezo-resistance type diaphragm has been used, but 
any other type of pneumatic pressure sensors than this 
sensor may be used. 

[0065] Also, in the above described embodiments, 
there has been used the transponder 100 which per- 
forms wireless communication through the use of an 
electromagnetic wave, but there may be used a trans- 
ponder which performs wireless communication 
through the use of any other communication means than 
the electromagnetic wave, for example, supersonic. 
[0066] Also, in the above described embodiments, the 
transponder 100 has been provided with the capacitor 
304, but a transponder having no capacitor 304 may be 
used, and in place of the capacitor 304, a transponder 
equipped with a generator may be used. 
[0067] Also, in the above described embodiments, for 
the tire 400, 400B, the tubeless radial tire has been 
used, but it goes without saying that even any other type 
tires can have similar effects. 



[0068] The present invention can be implemented in 
other various forms without departing from the spirit or 
majorfeatures of the invention. Therefore, the above de- 
scribed embodiments are only mere illustrations in eve- 

5 ry respects, and should not be interpreted limitatively. 
The scope of the present invention is shown by claims, 
and is not restricted by the text of the specification. Fur- 
ther, alterations and modifications belonging to the 
range of equivalency of claims are all within the scope 

10 of the present invention. 



Claims 

15 1. A transponder for tire, having a sensor for detecting 
physical quantity in an atmosphere within a tire air 
chamber to convert into an electric signal and wire- 
less communication means, said wireless commu- 
nication means performing communication with a 
20 main device, and transmitting, on receipt of a pre- 
determined question signal from said main device, 
an answering signal including detection result of 
said physical quantity to said main device, 

wherein there is provided a housing for her- 
25 metically sealing and housing said sensor and said 
wireless communication means, and said housing 
has a portion targeted for removal at a predeter- 
mined position and has space communicating with 
a physical quantity sensing unit of said sensor in- 
30 side said portion targeted for removal. 

2. The transponder for tire according to claim 1 , 

wherein said portion targeted for removal is 
composed of a protruded portion for protruding from 
35 the main body of said housing and said space is 
formed to continue into said protruded portion. 

3. The transponder for tire according to claim 1 , 

wherein said wireless communication means 
40 is isolated from said space. 

4. The transponder for tire according to claim 1 , 

wherein said wireless communication means 
performs communication through the use of an 
45 electromagnetic wave. 

5. The transponder for tire according to claim 1, further 
comprising a pneumatic pressure sensor as said 
sensor. 

50 

6. The transponder for tire according to claim 5, further 
comprising a semiconductor piezo-resistance type 
diaphragm as said pneumatic pressure sensor. 

55 7. The transponder for tire according to claim 1 , 

wherein said housing is made of bisphenol A 
epoxy resin. 



50 

6. 
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8. The transponder for tire according to claim 1 , 

wherein said transponder has storage means 
in which identification information peculiar to indi- 
vidual transponders is stored, and said wireless 
communication means transmits said answering 
signal including said identification information. 

9. The transponder for tire according to claim 1 , 

wherein said transponder has storage means 
in which identification information peculiar to indi- 
vidual transponders and additional information are 
stored, and said wireless communication means 
transmits said answering signal including said iden- 
tification information and said additional informa- 
tion. 

10. The transponder for tire according to claim 9, 
wherein said additional information is history infor- 
mation of said tire. 

1 1 . The transponder for tire according to claim 9, further 
comprising information renewal means for renew- 
ing additional information stored in said storage 
means on the basis of a signal received from said 
main device. 

12. A tire with a transponder, equipped with a trans- 
ponder having a sensor for detecting physical quan- 
tity in an atmosphere within a tire air chamber to 
convert into an electric signal and wireless commu- 
nication means, said wireless communication 
means performing communication with a main de- 
vice, and transmitting, on receipt of a predeter- 
mined question signal from said main device, an an- 
swering signal including detection result of said 
physical quantity to said main device, 

wherein said transponder has a housing for 
hermetically sealing and housing said sensor and 
said wireless communication means, having an ap- 
erture at a predetermined position, and having 
space which communicates with a physical quantity 
sensing unitof saidsensor inside said aperture, and 

wherein said housing is embedded in the tire 
inner wall in a state in which said aperture is ex- 
posed within said tire air chamber. 

13. The tire with a transponder according to claim 12, 

wherein said aperture is formed at the tip end 
of an protruded portion protruding from the main 
body of said housing and space which communi- 
cates with the physical quantity sensing unit of said 
sensor is formed to continue into said protruded 
portion. 

14. The tire with a transponder according to claim 12, 

wherein said wireless communication means 
is isolated from said space. 
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15. The tire with a transponder according to claim 12, 
further comprising a pneumatic pressure sensor as 
said sensor. 

5 16. The tire with a transponder according to claim 12, 
wherein said transponder housing is embed- 
ded between a tire inner liner and a carcass ply. 

17. The tire with a transponder according to claim 16, 
10 wherein said tire inner liner is made of a mem- 
ber having light permeability. 

18. The tire with a transponder according to claim 17, 

wherein said tire inner liner having said light 
15 permeability is made of thermoplastic elastomer. 

19. The tire with a transponder according to claim 12, 

wherein said transponder housing is embed- 
ded between a seat member stuck onto a tire inner 
20 liner and vulcanized together with said tire inner lin- 
er and said tire inner liner. 

20. The tire with a transponder according to claim 19, 

wherein said seat member is made of a mem- 
25 ber having light permeability. 

21. The tire with a transponder according to claim 20, 

wherein said seat member having said light 
permeability is made of thermoplastic elastomer. 

30 

22. The tire with a transponder according to claim 19, 

wherein said seat member is made of a mem- 
ber having color different from that of said tire inner 
liner. 

35 

23. The tire with a transponder according to claim 12, 

wherein said wireless communication means 
performs communication through the use of an 
electromagnetic wave. 

40 

24. The tire with a transponder according to claim 12, 

wherein said transponder has storage means 
in which identification information peculiar to indi- 
vidual tires is stored, and said wireless communica- 
^5 tion means transmits said answering signal includ- 
ing said identification information. 

25. The tire with a transponder according to claim 12, 

wherein said transponder has storage means 
50 in which identification information peculiar to indi- 
vidual tires and additional information are stored, 
and said wireless communication means transmits 
said answering signal including said identification 
information and said additional information. 

55 

26. The tire with a transponder according to claim 25, 

wherein said transponder has information re- 
newal means for renewing additional information 
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stored in said storage means on the basis of a signal 
received from said main device. 

27. A manufacturing method of a tire with transponder 
equipped with a transponder having a sensor for de- 
tecting physical quantity in an atmosphere within a 
tire air chamber to convert into an electric signal and 
wireless communication means, said wireless com- 
munication means performing communication with 
a main device, and transmitting, on receipt of a pre- 
determined question signal from said main device, 
an answering signal including detection result of 
said physical quantity to said main device, compris- 
ing the steps of: 

through the use of said transponder provided 
with a housing for hermetically sealing and 
housing said sensor and said wireless commu- 
nication means, having a portion targeted for 
removal at a predetermined position, and hav- 
ing space which communicates with a physical 
quantity sensing unit of said sensor inside said 
portion targeted for removal; 
embedding said transponder in the inner wall 
of a green tire before vulcanization; 
vulcanizing said green tire in which said trans- 
ponder is embedded; and 
removing, after vulcanization, said portion tar- 
geted for removal together with part of the inner 
wall surface of said tire, and causing the interior 
of said tire air chamber to communicate with 
said space within said transponder housing. 

28. The manufacturing method of a tire with transpond- 
er according to claim 27, 

wherein in said step of embedding said trans- 
ponder, said transponder housing is embedded be- 
tween said tire inner liner and said carcass ply. 

29. The manufacturing method of a tire with transpond- 
er according to claim 28, 

wherein as said tire inner liner, a member hav- 
ing light permeability is used. 

30. The manufacturing method of a tire with transpond- 
er according to claim 28, 

wherein as said tire inner liner, thermoplastic 
elastomer having light permeability is used. 

31 . The manufacturing method of a tire with transpond- 
er according to claim 27, 

wherein in said step of embedding said trans- 
ponder, said seat member is stuck onto said tire in- 
ner liner so as to cover said transponder housing 
with said seat member to embed said transponder 
into the inner wall of said green tire. 

32. The manufacturing method of a tire with transpond- 



er according to claim 31 , 

wherein as said seat member, a member hav- 
ing light permeability is used. 

5 33. The manufacturing method of a tire with transpond- 
er according to claim 31 , 

wherein as said seat member, thermoplastic 
elastomer having light permeability is used. 

34. The manufacturing method of a tire with transpond- 
er according to claim 31 , 

wherein as said seat member, a member hav- 
ing color different from that of said tire inner liner is 
used. 

35. The manufacturing method of a tire with transpond- 
er according to claim 27, 

wherein in said step of embedding said trans- 
ponder, said transponder is embedded such that 
said portion targeted for removal is positioned in- 
side said tire air chamber. 
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